Introduction
A
Organization of Bilateral Comparison
The APMP workshop on Microphone Pressure Reciprocity Calibration and Its Uncertainty Analysis was held at the Indonesian Institute of Science (Puslit KIM-LIPI), Tangerang, Indonesia on November [19] [20] [21] 2007 . During the workshop, Dr. Prem Narang, APMP TCAUV Chair, suggested the bilateral comparison of LS1P and LS2P microphones between KRISS and KIM-LIPI to ensure the mutual agreement between calibration results. It was agreed that KRISS would be the pilot laboratory and NMIA, Australia, would be the third-party for data collection and release.
Calibration Method

Reciprocity Calibration Method
The calibration was performed as reciprocity calibration using closed couplers at both laboratories in the nominal preferred octave frequencies from 63 Hz to 1 kHz and the nominal preferred 1/3 rd octave frequencies from 1.25 kHz to 8 kHz in accordance with the International Standard IEC 61094-2:1992. The microphones were coupled in pairs using two air-filled plane wave couplers of different lengths (nominal length of 7.5 and 15 mm). The sensitivity of the microphone is obtained from the electrical transfer impedance which was measured using the computer operated automatic Reciprocity Calibration Apparatus, B&K 5998.
Microphone Parameters
KRISS
Front Cavity Depth: The depth of the microphone front cavity is measured by an optical method using a depth-focusing microscope equipped with a digital dial gauge (Mahr, Millitast 1083) to monitor the vertical displacement of the lens (focal length of 0.5 mm). The cavity depth is calculated as the difference between the digital dial gauge readings at the surface of microphone rim and at the surface of diaphragm. The front cavity depth is determined from the mean of measurements at four places.
Front Cavity Volume: The microphone front cavity volume is calculated using the equation as given in the Technical Documentation of Reciprocity Calibration System, Resonance Frequency and Loss Factor: The frequency response of the microphone diaphragm displacement is measured by the laser vibrometer. The microphone is coupled with a plane wave coupler, of which one of the openings is blocked by transparent optical glass. The vibration of diaphragm is assumed to be that of a simple mass-spring-damper system with a single degree of freedom. To obtain the microphone resonance frequency and loss factor, the least square fitting procedure is carried out until the best agreement is obtained between the measured and the theoretical frequency responses in the frequency range from 8000 Hz to 30000 Hz.
KIM-LIPI
Equivalent Volume: The equivalent volume is estimated by data fitting. The equivalent volume is adjusted to have the minimum difference between the measured results of the short (nominal length of 7.5 mm) and the long (nominal length of 15 mm) plane wave couplers at the frequency of 250 Hz.
Nominal values are used for the other parameters of the microphone, such as microphone front cavity depth, front cavity volume, resonance frequency, and loss factor.
Microphone parameters as well as temperature and pressure coefficients of the sensitivity for LS1P microphone are listed in Table 1 . 
Traveling Microphone
Calibration Schedule
The calibration schedule is shown in Table 2 . The calibration results and expanded uncertainties are shown in Table 3 . The first set of results is taken as the result of KRISS and the second is only referred to check the drift or damage of the artifact. The difference between two measured results at KRISS is small showing the stability of the standards during the measurements. 
Deviation from Linking Laboratory
The deviation between KRISS and KIM-LIPI is given by the following equation;
where and are the arithmetic mean of the pressure sensitivity levels of the microphone measured in KRISS and KIM-LIPI, respectively.
The expanded uncertainty of the deviation is given by;
where and are the corresponding expanded uncertainties. ) ( Table 4 shows the difference between KRISS and KIM-LIPI for each frequency and their expanded uncertainties. Fig. 1 shows the difference between KRISS and KIM-LIPI for LS1P microphone.
-4 -
Degrees of Equivalence
The KCRV (key comparison reference value) for the CCAUV.A-K1 was determined at each of the specified frequencies, from the arithmetic mean of all results and normalized to zero decibels. The degrees of equivalence of KRISS in the CCAUV.A-K1, that is the differences and their expanded uncertainties are listed in the Table 5 . To link the results of KIM-LIPI to the KCRV of CCAUV.A-K1, the correction factor between measurands of KRISS in CCAUV and APMP is introduced as follows:
where is the KCRV and is the difference between the KRISS and the KCRV. As the correlation coefficient between each participant and the KCRV were not reported in the CCAUV.A-K1, we have considered this part to be negligible. Table 6 shows the degrees of equivalence of KIM-LIPI with KCRV, that is the deviations and their expanded uncertainties, and Fig. 2 illustrates them graphically. 
Conclusion
The calibrated results for the LS1P microphone of KIM-LIPI were linked to the KCRVs of the CCAUV.A-K1 key comparison. All of the degrees of equivalence of KIM-LIPI with respect to the KCRVs have a difference of less than or equal to 0.03 dB with an expanded uncertainty less than 0.12 dB.
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Appendix A. Uncertainty Budgets
The following pages show the uncertainty budgets of two participants, KRISS and KIM-LIPI for LS1P microphone. 
